Aim To study the effect of different degrees of nuclear cataract on the multifocal electroretinogram (mfERG). Methods mfERGs were recorded from 30 elderly subjects with very mild, mild, or moderate nuclear cataracts using a VERIS System (version 4.1). The subjects were divided into three groups (10 in each group) according to their degree of nuclear cataracts as classified according to the Lens Opacities Classification System III (LOCS III). No subjects had any significant eye disease or degenerative changes except for cataracts. The mfERG responses were grouped into six concentric rings for analysis. Both the N1 and P1 amplitudes and the latencies of N1 and P1 of first-order responses were used for analysis. Results Amplitudes of N1 and P1 from the central retina (141) were significantly reduced in patients with mild or moderate cataract when compared with subjects with very mild cataract. However, there was no significant reduction of N1 and P1 amplitudes in the paracentral retina (14-401). There was no difference in the latencies of N1 and P1 in these three groups of subjects. Conclusions The mfERG responses from the central retina (central 141) were affected by the severity of cataract, but responses from the paracentral retina (14-401) were not affected. This suggests that in interpreting the mfERG in subjects with mild or moderate cataract subjects some care should be taken as reduced amplitudes (N1 and P1) will be expected from the central retina.
Introduction
The multifocal electroretinogram (mfERG) technique 1 allows simultaneous recording of many local retinal responses within a short time. It has been shown that numerous retinal eye diseases can be detected by the mfERG (eg diabetic retinopathy, glaucoma, retinitis pigmentosa). [2] [3] [4] [5] [6] [7] [8] In these studies, it is reported that subjects had clear media. However, many patients with retinal eye disease (eg age-related macular degeneration) are elderly and some degree of lenticular change such as nuclear sclerosis is inevitable. For diagnostic purposes, it is important to know how changes in the ocular media would affect the mfERG topography.
It has previously been reported that media opacities such as cataract can reduce the amplitudes of the a-wave and b-wave of the scotopic flash ERG. 9, 10 Contradictorily, however, a larger than normal scotopic flash ERG response has also been recorded in patients with cataract. 11 It was suggested that this might be due to the light-scattering effect (Ganzfeld effect) of the cataract. 11 A recent study showed that a subject with mild cortical cataract had lower than normal mfERG responses. 12 By using acrylic sheets or liquid-crystaldiffusers, the light-scattering effects of cataract have been simulated in mfERG studies. 13, 14 In a study on two subjects, Arai et al 13 showed that central mfERG responses decreased slightly with increased scattering level, but that the peripheral responses did not show a corresponding reduction. Our own study on a larger group of young subjects showed that the central mfERG responses decreased significantly with increasing light scattering, but paradoxically the peripheral responses increased with increasing light scattering. 14 In this study, we wanted to find out how cataract affects the mfERG.
Materials and methods

Subjects
A total of 30 elderly subjects aged 50-75 years (mean age: 64 years) were recruited from the Optometry Clinic at The Hong Kong Polytechnic University. All subjects had mild to moderate nuclear cataract that was were classified and graded according to the Lens Opacities Classification System III (LOCS III) 15 and their visual acuity (VA). A previous study has shown that there is a positive correlation between VA and LOCS nuclear cataract grade (y ¼ À0.23 þ 0.0093x) (y ¼ logMAR VA and x ¼ LOCS nuclear cataract grade). 16 Subjects were divided into three groups with 10 subjects in each group according to the degree of cataract (see Table 1 ). All subjects had refractive errors of less than 73.00 D and less than 1.00 D of astigmatism. The mfERG topography in subjects with very mild nuclear cataract act as the normative values in this study, as subjects aged over 50 years old must have very mild nuclear cataract, which causes light scattering, 17, 18 even if it is not clinically significant and it does not affect VA.
To ensure that all subjects were free of retinal disease in the tested eye, all received an eye examination that included measurements of visual acuity and intraocular pressure. Ocular health was assessed by a slit-lamp examination and indirect ophthalmoscopy. Research procedures used in this study followed the tenets of the Declaration of Helsinki. All procedures were approved by the ethics committee of The Hong Kong Polytechnic University. Informed consent was obtained from all participating subjects after they were given an explanation of the study.
Stimulus conditions
The VERIS Science 4.1. system (Electro Diagnostic Imaging Inc., San Mateo, CA, USA) was used to record the mfERG. The stimulus matrix consisted of 103 scaled hexagonal elements presented on a Sony high resolution RGB 19'' monitor (Sony, GPM-500P3, Japan) which had a frame rate of 75 Hz. The stimulus was controlled by a video card (from EDI) in a Macintosh G3 computer. The stimulus hexagons were individually modulated between white (165 cd/m 
Recording conditions
The pupils were dilated with 1% tropicamide and all pupils were at least 6 mm before recording commenced. The Dawson-Trick-Litzkow (DTL) electrode was used as the active electrode. The reference and ground electrodes (Ag-AgCl electrode) were attached to the ipsilateral outer canthus and forehead respectively. The untested eye was occluded during recording. The testing distance was 40 cm. Refractive errors were fully corrected for the viewing distance. The signals were amplified 100 000 times with band-pass set at 3-300 Hz (Grass Instrument Co., Quincy, MA, USA). All mfERG responses were spatially smoothed once by averaging each local trace with 17% of each of its six nearest neighbours. A binary m-sequence of 2 15 was used for recording the mfERG. The total recording time was 7 min 17 s, divided into 32 segments (recording periods). Subjects rested for a few seconds between segments. Any segment with breaks of fixation, eye movements, or blinks was discarded and recorded again. The recording conditions were performed according to ISCEV guidelines. 19 
Analysis
For data analysis, the mfERG responses were grouped in six concentric rings: responses with similar eccentricities from the central foveal response were grouped (Figure 1 ). In this study, the first-order kernel responses were analysed and only the amplitude and latencies of N1 and P1 were evaluated. We defined the first negative and Figure 1 Responses were grouped into six rings for analysis.
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Eye positive deflections of the mfERG as N1 and P1, respectively. The amplitude of N1 was measured from the baseline to the first negative peak. The amplitude of P1 was measured from the first negative peak to the first positive peak. The latencies of N1 and P1 were defined as the time period from the stimulus onset to the peak of N1 and P1 responses respectively. The effects of different degrees of cataract on mfERG responses were evaluated by using one-way ANOVA and Tukey HSD multiple comparisons. P-values less than 0.05 were considered statistically significant.
Results
The effects of different degrees of cataract on mfERG waveforms are shown in Figure 2 . Table 2 shows the average mfERG waveform parameters and statistical findings (N1 latency, P1 latency, N1 amplitude, and P1 amplitude) when responses were grouped in six concentric rings. The N1 amplitudes from rings 1 to 3 were the lowest in moderate cataract group and highest for the very mild cataract group (Figure 3a) . N1 amplitudes from ring 1 were significantly different among the three cataract groups. N1 amplitudes from rings 2 and 3 showed significant difference only between the very mild cataract and the moderate cataract groups.
There was no significant difference found from ring 4 to ring 6 for all three cataract groups.
The mean P1 amplitudes from rings 1 to 3 were the highest in the very mild cataract group and lowest for the moderate cataract group (Figure 3b) . Table 2 shows that P1 amplitudes for rings 1 to 2 were also significantly different among the three cataract groups. For rings 3 and 4, P1 amplitudes were also significantly different between the very mild cataract group and the moderate cataract group. A significant difference of P1 amplitude between the mild cataract group and the moderate cataract group was also found in ring 4. However, there was no significant difference among the three cataract groups in rings 5 and 6. N1 and P1 latencies were not significantly different with increasing severity of cataract.
Discussion
A recent study on a single subject with cataract showed that mfERG responses were lower than in normal subjects of a similar age, but it was unclear whether the reduction was in the central retinal responses or peripheral retinal responses. 12 Our study confirms and extends this finding: the reductions in mfERGs were related to the severity of nuclear cataract but only over central areas. In addition, our study found that the P2 Figure 2 The mfERG from three of subjects for the six concentric rings: (a) Subject with very mild cataract, (b) Subject with mild cataract, (c) Subject with moderate cataract. N1 amplitudes from the central three rings (ie 1-3) were significantly lower with increasing degrees of cataract. P1 amplitude showed a similar trend.
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Eye amplitude with a latency of about 60 ms was greatly reduced in subjects with moderate cataract (Figure 2 ). Recent studies have pointed out that this P2 response is related to the first slice of second-order kernel response. 7, 20, 21 In Figure 4 , the first slice of second-order kernel response to demonstrate the effect of different degree of cataract can be seen. The first slice of secondorder kernel response was undetectable in subjects with moderate cataract. This could be the result of the reduction of the stimulus luminance and contrast.
It is well known that the amount of light scattering (both forward light scattering and backward light scattering) increases with increasing age. 17, 22, 23 Light scattering occurs due to the presence of insoluble proteins in the lens. 24 With increasing age, there is an increasing amount of insoluble proteins, so the amount of light scattering will increase as the criteria for Mie scattering are met. 25 In the cataractous lens, forward light scattering reduces the contrast of retinal image. Backward light scattering reduces the amount of light reaching the retina, as light is scattered back from the eye toward the light source. 26 Previous studies have shown that mfERG responses (P1 amplitude) from the central and para-central retina decreased linearly when stimulus luminance is decreased. 4, 12, 27, 28 Brown and Yap 27 showed that the mfERG responses decreased linearly at all retinal eccentricities when the stimulus contrast was decreased. On the basis of these reports, cataract should reduce central and peripheral mfERG responses. However, in our study, we found that central retinal responses were decreased but peripheral retinal responses were not. This finding is slightly different from the report by Chan et al. 14 They found that central mfERG responses were reduced, but peripheral retinal responses were increased under light-scattering conditions. It is not clear why peripheral retinal responses were not affected by cataract in our study, but we can conclude generally that light-scattering caused by media opacities can affect the amplitude of mfERG responses. 11, 14 There have been several studies on the effect of aging on mfERG topography. [28] [29] [30] [31] [32] Mohidin et al. 29 found that the decrease in response density in aged eyes was mainly at the central 101 diameter of the macular with no Eye significant reduction in peripheral responses. However, the oldest subject in their study was only 52 years old. Nabeshima et al. 30 reported although the reduction of response density was greatest at the central retina, peripheral retinal responses also decreased with increasing age. Since the study from Nabeshima et al. included subjects with slight nuclear opacity, it is not clear whether the age-related effects on the mfERG were due to neural factors or optical factors. Fortune and Johnson 28 adjusted their mfERG data for the effect of reduced lens transmission and pupil diameter in aged subjects to rule out the effect of optical factors and they found that the decline of mfERG responses with age could be attributed to optical factors. They concluded that neural factors only played a small role that was mainly restricted to the central retinal responses (51). Another study based on calculating the effect of media opacities (decrease stimulus luminance and contrast) on mfERG topography indicated that the effect of aging on mfERG is due to both optical and neural factors. 32 However, two recent studies strongly claimed that smaller mfERG responses in elderly were due to neural factors rather than optical factors. 31, 33 The results of these studies, therefore, suggest that each laboratory should establish normative values for older adults. [28] [29] [30] [31] [32] [33] The results of our study suggest that presence of cataract should be taken into consideration in the clinical application of mfERG. These findings further suggest that each laboratory should also establish its normative values for different degrees of cataract if the clinician wishes to use the mfERG to assess retinal function behind a cataract. 
